Introduction
Bioretention is a urban stormwater low-impact development (LID) best management practice (BMP) by mulch, soil, and plants [1] [2] [3] . However, soil phosphorus sorption capacities can vary widely [4] . Although sand media are widely used in the bioretention, only few stu---------------Corresponding author; e-mail: xiaohuayang@bnu.edu.cn dies have reported on what kind of sand media which acts as effectively removal capacities of phosphorus. In this study, the mechanism of phosphorus adsorption onto four bioretention media was discussed.
Methods and materials

Materials
Four types of bioretention media were used. The four media used in the experiments were excavated from the coastal area of the Yong Ding river in Beijing. All media were washed thrice using deionized water prior to the experiments.
Adsorption studies
The adsorption isotherms were determined with 100 ml solutions with varying initial concentrations of phosphorus from 20 to 100 mg/L. The initial pH of solution was adjusted to the 7.0 by using NaOH or HNO 3 solution prior to addition of adsorbent. All reagents used in this study were of AR grade. These solutions were shaken at 298 K in an orbital shaker at the rate of 100 strokes per minute for time of 48 hours. Following centrifugation at 400 rpm for 10 minutes, and then filtered through a 0.45 μm filter paper. At last, the concentration (C t ) of the residual phosphorus was prepared. All samples were filtered using a 0.45 µm membrane filter to analyze their total phosphorus. Total phosphorus was analyzed using an inductively coupled plasma-atomic emission spectrometry (ICP-AES).
Batch adsorption experiments were carried out for an adsorption period of 50 minutes in a glass container with 250 ml solution. Based on equilibrium tests at different time, the procedures of kinetic experiments were completed. The aqueous samples were taken at setting intervals time, and the concentrations of phosphorus were measured under the identical condition.
Adsorption isotherms
The data of adsorption of phosphorus on the bioretention media was used to Freundlich, Langmuir, Dubinin-Rudushkevish (D-R) and Flory-Huggins (F-H) models [5] . Different parameters calculated from these models are given in tab. 1. 
Adsorption kinetics
In order to assess the kinetic rank of the adsorption process, pseudo first-order rate equation and pseudo second-order rate equation were used.
The pseudo first-and second-order rate equation is generally represented as [6] :
-pseudo first-order model:
-pseudo second-order model:
where q t [mgg -1 ] is the amount of adsorbate per unit wet of adsorbent at any time t, q e [mgg -1 ] -the adsorption capacity at equilibrium, and k 1 , and k 2 are the rate constants of pseudo firstorder and second-order adsorption, respectively. These parameters can be calculated from the two kinetic models and the plotting as shown in fig. 1 . Values of k 1 , k 2, q e , and R 2 are summarized in tab. 2. 
Conclusions
According to the batch adsorption experiments, it can be concluded that the media IV was more effective for removing phosphorus. The adsorption capacity of phosphorus by the Langmuir model are found to be media IV > media I > media II > media III. The adsorption of phosphorus with four media preferably fits to the Langmuir adsorption isotherm. Mean sorption energy obtained from D-R isotherm was less than 8 kJ/mol which showed that the adsorption process was dominated by physical adsorption. The negative ΔG values for phosphorus of four bioretention media indicated that the phosphorus adsorption by four media was a spontaneous proces. The experimental data were found to be better fitted to the pseudo second order kinetic model in the whole bioretention media.
